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1 Introduction

The EPA Regiona Haze Rule' (Rule) specifies that modeling must be conducted to demonstrate
reasonabl e progress toward the goal of achieving natural visibility in each PSD Class| area. The
Rule also specifies that natural visibility conditions should be achieved by 2064. The uniform
rate of progress defines the visibility improvement that would be needed each year, starting with
the base period of 2000-2004, to achieve natural visibility conditionsin 2064 in each Class |
area. Thisprogressionisillustrated in Figure 1-1. To track visibility improvement, the Rule
specifies several milestone dates for meeting intermediate reasonabl e progress goals, that the
State must establish, thefirst of which isthe 2018 goal, for each Class | area. The uniform rate of
progress for 2018 is determined by interpolating from the uniform rate of progress path, as
illustrated in Figure 1-1. This protocol will assume that the 2018 goal for each Class | areaisthe
glide path (uniform rate of progress), but the reasonable progress goal established by the State for
2018 for each Class | area may or may not be equal to the uniform rate of progress for 2018.

To demonstrate reasonable progress with respect to the 2018 visibility goals, the Rule specifies
that visibility on the 20% worst days must improve enough to meet the goal, while visibility on
the 20% best days must not deteriorate, between the base period (2000-2004) and 2018. Air
quality modeling will be used to project future visibility, accounting for proposed BART controls
and other visibility-affecting emissions increases/decreases. Modeling will be used in arelative
sense. Baseline and projected future emission inventories will be modeled to develop a
future/baseline prediction ratio (relative response factor). The ratio will then be applied to
baseline monitoring datafor visibility-affecting species to project future visibility.

The Western Regional Air Partnership (WRAP) regional planning organization has established a
Regional Modeling Center (RMC) to assist member States, including North Dakota, with
modeling to determine status with respect to the 2018 goals. The RMC is applying a chemically
sophisticated grid model (CMAQ), on aregional basis, to project future visibility in Class | areas
in the WRAP region®. The RMC has devel oped comprehensive base period and future period
visibility-affecting emission inventories to use with CMAQ, and has performed numerous studies
using base period model and monitoring data to evaluate CMAQ performance®.

Though the North Dakota Department of Health (NDDoH) intends to incorporate much of the
WRAP RMC work in its own analysis of visibility goalsin North Dakota Class | areas, the
NDDoH recognized it would have to develop its own modeling capability for visibility projection

140 CFR 51.308

2 Tonnesen et. a., Morris, Adelman, 2006. 2006 Report for the Western Regiona Air
Partnership (WRAP) Regional Modeling Center (RMC). Western Regiona Air Partnership,
Denver, CO 80202.

3 See WRAP RMC web site at http://pah.cert.ucr.edu/agm/308/
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in order to address weight of evidence issues not included in WRAP modeling, such as
discounting the impact of international sources. Further, the NDDoH had concerns regarding the
resolution of the WRAP CMAQ simulations, particularly for large point sources.

The RMC is applying CMAQ on aNational basis using agrid resolution of 36 km, with

no plume-in-grid treatment. This means that emissions from point sources are immediately
mixed uniformly throughout a 36 km (square) grid cell volume, which may overstate the dilution
of the plume, and the speed of chemical reactions for species contained in the plume, especialy
for sources located relatively near Class | areas. Consequently, the contribution of visibility-
affecting species from these sources may be misrepresented for both base period and future
period modeling. Thislimitation in treatment of point sourcesis recognized in CMAQ
documentation®”.

To provide alocal modeling capability, the NDDoH proposes a hybrid modeling approach for
determining status with respect to the visibility goals. This approach involves nesting the local
NDDoH CALPUFF domain within the WRAP National CMAQ domain, and applying the
Lagrangian CALPUFF model in aretrospective sense to more redlistically define plume
geometry for local point sources. To implement the nesting, hourly output concentrations from
WRAP CMAQ will be used to set hourly boundary conditions for CALPUFF. The use of
CMAQ output to set CALPUFF boundary conditions has been suggested by Escoffier-Czaja and
Scire®. Location of the NDDoH CALPUFF domain within the National CMAQ domain is
illustrated in Figure 1-2.

CALPUFF nesting will be used for simulation of SO,-SO4-NOx-HNO3-NO3 chemistry and
transport, and thus sulfate and nitrate predictions, only. Resultsfor all other visibility-affecting
species, including organic carbon mass, elemental carbon, fine particulate, and coarse particul ate,
will be obtained directly from the CMAQ output for the grid cell containing the subject Class |
area IMPROVE monitor. CMAQ output will be combined with CALPUFF results for sulfate
and nitrate in order to perform necessary light extinction calculations. In thisway, the NDDoH
will take advantage of the sophistication of the RMC approach for other particulate components,
which reflect a very small percentage of emissions from the local point sources of concern.

The NDDoH protocol for modeling visibility progress goals will generally adhere to EPA
Guidance on the Use of Models and Other Analyses for Demonstrating Attainment of Air Quality

*EPA, 1999. Science Algorithms of the EPA Models-3 Community Multiscale Air
Quality (CMAQ) Modeling System. Office of Research and Development, Washington DC
20460.

® Escoffier-Czajaand Scire, 2005. Comments on the Computation of Nitrate Using the
AmmoniaLimiting Method in CALPUFF. Appendix A, Draft Protocol for the Application of
the CALPUFF Model for Analyses of Best Available Retrofit Technology (BART), VISTAS.
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Figure 1-2
WRAP CMAQ Domain and NDDoH CALPUFF Domain

Y[ [ )8 =)
5pono0EegEAan0s
poon0enEEEas000888 5008
DDDDDDDDDDDDDDDD"—‘D ooad
ool goooond ogooad o
R am{auula == ooo! noooss oooo0!
YR{E[E[ alala awiulE el la] ] elETaa(elaleafefalal ognoo0oaREEaEne l;]lausg%%‘a%ﬁﬂn DDEEEEDDEHEEEEEEEEEDEEEE%
| nym[n] E] [=[afa] [[minls 10 [a] ) il [EEEE ooookd! ooodg
R Ta[a[u: 000 fa]a) [lalaf ol = el el JhooooEg
= (el ] o Boanonnddasnaant noBnonon
i{al; al l [al 0 [w[a[s[=( S ooooga0fgaaa0008
o] L E[5[o]afs] I aaEEmEE ratam[apIEl S aTa] =)
e I o unjnngﬂ‘ag%gnnnnﬂngﬂm B0
oooog s 100 O 0 UA:JDDUE‘DDDEEDE ooogd
T L L 0o0O0555000! oanoadEEaEeen
conobona: ool 1t ‘JDEEDDDDDEEEEEDDDDDDE%EEED
e L ool mEEEeE a
ooooool R [s [~ ol 5000888 5550000
O I ool EEmEEEES ooog
oooog tejajtat [ el ARbooaddete
[=[e[e[s[aiata] [alalalal i
ooo 0 [=l
0a0o00 T !
1L ooon
o
0
5]
100 5
[=fa;
100 e e eyaqalmfata
[alatayal
goooo ok
So00a! ar o
88500 ot 9 Ea0o
onoog
= g e S el e e et
O Hooooogonooomnagd =
o el o0 20BESE Bn ooy o o800E Je Angnan &l
o State] 0020 EaE0an0i0000a08 BERER #n 0o0n008E nacEe
2 g nooo
o oo R o e Rl e et e el
5]
8 el ettt et S SRS figuoooonopuooonBEe SonoEng el e ol (s[afalal=f=le)
O it oegan . oooo EDEDEEEEEEEE%EED e et slaia=leloll S oo
o [n| (=]
= e afale o] T Feta atafafals(a [Tl =l o=l noogotod BEHoooonog
Con BD BohonnooooooonoEBng 00 O00EEHERRARAonooaBaHT s
e e Iej=feel ais[ais|=(am=|iE = R S el el I oooooognEd 5
ool a
S aeeet R T e
fale(n [ulalula/ula] oo DEEEEEEEEEEEEEEED (o e e el e o e el
goomo0oood oag Boogooggoooaang Sood =
Coooooooo oooooooond et} Shaomoooooooo [afe[el]==3e e S Sl u alai=y=l)
Dooooooog EogognooannnoReEEARE g aoooOnna Y 50080000888 BlaRRnn c00EaR ARG
0 B Boonaooon og 00008800 BRBogaoonna0 Sk (=l E(El e o S o o] T R e
E gopooocnD el o R e el et ol 05888 Bhgnbea 0ot 38R 3a0D
Anooan ooo oo
228 SRESEECRNED R et R e e e
aoooooo gooo oo
Sganoosnon GouEnononn 880608000 3FARFoooa0gna0 Sl ey s e e oug8550e
[S[alalafal=la[afa] e St e el o Qoo HHHEDEDE%ga[EED%DDDDD 0o0Bnas 2800o0a00EitRs
Ooooogonoont Ooogooooas oooooRe
3 BnAdAREoN e e e oood 2l o 40080355 85s 550 00ADB0RA5BA 0
e B = B Lt
H ] Il [E]
qoE0ooCoaEnag OO aaEEEaG o BOCoDoooCnas DDUDD'DEEEDEEDD [EfeleplolS
oo oQgpoo.ogLl oog
HOOODHO00000 it ol lefalatate s oo 1= falufa(ainelEle) %EEEEE%DDDDE‘ aogs
oooooooood nBE (s [ufalatnisfciofa] 1o 00 conoo0opoigER A0 og moo
0Eoo0ooEaooo BoEaNE0oooggooool OOC o nopoooooooat Doooooood e
OmooooEoon ooo Ol (S[afaiafu/a]sis} mfuis] opoooEEas el =) ooooooBa
[=[ufalsysisjulals} Dnnnﬁg oooooaa (=[ufs| poogoEoen) Egun'n oooood JalEs =[elzlos
[S[ufafayaya[sys/uys aslafaf s[E[o[s[at=[=Yn]n) 0o ao000a000a88Es spaopoo s nooDoa0g
e e o e e e e
JEEESDDEEU'E I Ialataleefelaie gaope g 2 EE%ED% %EEDEEE EEEEDEEDDEEEE%EDD
i ool feTalm/uta [« [aln]aluts =[xl oood
‘HEBPH o8 BoggODnon o 5000 0000 e 000D 2 oooood CEABoaan) 600008 Eee
W5tH(=|a/tals[a[mintal=]s[apn{u|=[ulajn a]ul=|=|sya(z o} [yal=} = :gooapoooyenagies feapooos o goood
‘HE@oonoooooobano0a00dognooonaoon oo noononadoo0n s pnaong o nog
‘HpACO0DECO00000000000000000aa0000 o S e el f=ae] R
P luTalsyaafula[s/ala} Soopoonoooagnon ooo O ROogooOnER0C0E = pagn [E}=) H
‘Booggoooggo Oopocoo0oIoooSon oool oOoo00REER SEoopoognagy
‘oo0Odooandol oopOooooooSooodg =il B 1]l
0o0oEoacon gepogIongonnang g
ooooooaoon ooodoogpOogooogan
‘§000000ason [E[alatte o]l akulalufa(=)
EopggDooogo DEoOooOoooooEoooonoaoann
‘pooocoogago pgogoooEooooooin
-EEOOCoa0ooon §o0goooooooooon
B Sfefe{alefaratatate]s] [fs[als[ulafanisfsla]s|i={ulla)=is]
[pooocooooco g00oE0oo0oaoooanon
ool nOoooaoooogoooaooanoas
ool [afsjaqafulaajuis o{as/alE]ola)s,
Cooooaooooongogoooonad
OoOooooooonoggonogogoooon
o oogooooogooooon
uju Bnooooooocoaooooanondn
[&]a(x(afulal=ps =[s|=[u a{a[c|=[s!=E]oa|=HuIE}
0Ogoopogooooooaoo
noooooodappgoooog
0 ooooogdoooag
]'DDEDDDEDDDDEDDDD
0f0oogoooogsoooos
OOBBEH0000] oooo
SoopOoooooodoaongo
gopooooooSoonooon
gooooooaaconEooin
gOoogooopooooeooon
Oooooogapgoooooosn
ooooogoooot
ooppoogoooooon
pgooooooo ooopao
|mka]
.00

CMAQ 36 ki grid cell



Goals for Ozone, PM,s, and Regional Haze®. An evaluation of performance for the CMAQ-
CALPUFF hybrid modeling system will be conducted first. Then baseline (2000-2004) and
future (2018) emission scenarios will be modeled, using the hybrid modeling system, in order to
develop relative response factors (RRF's). Finally, RRFswill be applied to baseline IMPROVE
monitoring data to project future visibility in North Dakota Class | areas. These Class | areas
include Theodore Roosevelt National Park (TRNP) and Lostwood National Wilderness Area
(NWA). Locations of North Dakota Class | areas, IMPROVE monitor sites, and major visibility-
affecting sources are depicted in Figure 1-3.

2 Regional Haze Metrics

Metrics used to assess regiona haze include light extinction and deciview. Calculation of light
extinction from visibility affecting aerosols for the NDDoH regional haze analysis will be based
on the “new” IMPROVE algorithm’. This new equation was seen to reduce bias associated with
use of the “old” IMPROVE agorithm, and was adopted as an alternative by the IMPROVE
Steering Committee in December 2005. The new agorithm splits ammonium sulfate,
ammonium nitrate, and organic mass concentrations into two fractions: small and large. The new
algorithm for light extinction is:

beit = 2.2 f(RH) x [small sulfate] + 4.8 x f (RH) x [large sulfate]
+ 2.4 x fRH) x [small nitrate] + 5.1 x f (RH) x [large nitrate]
+ 2.8 x [small organic mass] + 6.1 x [large organic mass]
+ 10.0 x [elemental carbon]
+ 1.0 x [fine soil]
+ 1.7 x f(RH) x [sea salt]
+ 0.6 x [coarse mass]
+ Rayleigh scattering (site-specific)
+ 0.33 x [NO- (ppb)]

where

beq = light extinction in units of inverse megameters (Mm™),
fs(RH) = function of relative humidity for small size fraction,

® EPA, 2007. Guidance on the Use of Models and Other Analyses for Demonstrating
Attainment of Air Quality Goals for Ozone, PM2.5, and Regiona Haze. Publication No. EPA
454/B-07-002, Office of Air Quality Planning and Standards, Research Triangle Park, NC 27711.

" IMPROVE, 2005. New IMPROVE agorithm for estimating light extinction approved
for use. The IMPROVE Newsletter, Volume 14, Number 4. Air Resource Specidlists, Inc., Fort
Collins, CO 80525.



Figure 1-3

Major Sources and PSD Class | Areas
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fL(RH) = function of relative humidity for large size fraction,
fss(RH) = function of relative humidity for sea salt,

all species concentrations are provided in ug/m®
sulfate/nitrate implies ammonium sulfate / ammonium nitrate.

Apportionment of total sulfate concentrations into small and large size fractions is defined:

[large sulfate] = [total sulfate] x [total sulfate], for [total sulfate] < 20 ug/m®
20 ug/m®

[large sulfate] = [total sulfate], for [total sulfate] > 20 ug/m®

[small sulfate] = [total sulfate] - [large sulfate]

The same equations are used to apportion nitrate and organic mass size fractions.

WRAP and the NDDoH have determined that the NO, term has very little impact on total
extinction, and the IMPROV E network does not include NO, monitoring. A review of
observational NO, datafrom an NDDoH monitoring site in Theodore Roosevelt Nationa Park
revealed that readings were less than the minimum detectable level of 2.0 ppb more than 80% of
the timein 2002. WRAP has not accounted for the NO, term in it's analyses for future visibility.
Accordingly, the NDDoH proposes to omit the NO, term when implementing the new extinction
algorithm.

Regarding the sea salt term in the extinction equation, very little impact from sea salt is expected
in North Dakota. However, IMPROVE monitoring datain North Dakota Class | areas does
occasionally include small values for sea salt. Because of the negligible impact of seasalt in the
IMPROVE equation for North Dakota Class | areas, the impact would remain negligible even if
some variation in sea salt occurs in the future. Therefore, sea salt will be omitted from the
modeling process and an RRF of 1.0 will be assumed.

Light extinction is converted to deciview using the following relationship:
dv =10 X In(bey / 10)
where

dv = deciview
be = light extinction in units of inverse megameters (Mm™)

Visibility goals are generally expressed as deciviews. A change of one deciview represents a
generally perceptible changein visibility to most people.



3 Overview of Methodology
3.1 General

Methodology for NDDoH projection of future visibility is based on EPA Guidance on the Use of
Models and Other Analyses for Demonstrating Attainment of Air Quality Goals for Ozone,
PM.,s, and Regional Haze 8. The guidance proposes a rel ative modeling approach to project
future (2018) visibility, in order to determine compliance status with respect to visibility goals at
Class| areas. Implementation of the relative modeling approach relies on relative response
factors (RRF's) which represent the modeled impact of the future (visibility affecting) source
inventory divided by the modeled impact of the baseline source inventory at Class | areas. These
RRF's are applied to baseline IMPROV E monitoring data to project future visibility.

Projection of future visibility is needed for the 20% worst and 20% best visibility days at each
Class| area. The 20% worst days and 20% best days are determined from Class | area
IMPROV E monitoring data for each year for the 5-year baseline period 2000-2004. Because
IMPROV E sampling occurs once every three days, the maximum number of monitored days per
year would be 122, and the maximum number of 20% worst (best) days per year would be 24.

According to the EPA guidance, RRF's are devel oped by comparing the future average predicted
concentration for 20% worst days (best days) to the baseline average predicted concentration for
20% worst days (best days), for each species. The 20% worst (best) modeled days are selected
for consistency with the worst (best) monitored days (i.e., represent the same temporal periods),
assuming modeling is based on 2000-2004 meteorological data. For each visibility affecting
species (S04, NO3, OMC, EC, Soil, CM), asingle RRF is developed for each Class | area. The
RRF is calculated by dividing the predicted future concentration averaged over all worst (best)
days by the predicted baseline concentration averaged over al worst (best) days. Then, future
concentrations for each species are projected by multiplying the RRF by the observed species
concentration on each of the baseline worst (best) days.

The RRF approach can be expressed mathematically:
XUt = X1gy (RRF) = XMy (X5 /X )
where

X" represents projected observed future concentration for speciesi on day j (each of
20% worst days for each baseline year),

X", represents observed baseline (IMPROVE data) concentration for speciesi on day
(each of 20% worst days for each baseline year),

8 See Supranote 6



>_(ipf represents average predicted future concentration for speciesi (average of 20% worst
days),

;(ipb represents average predicted baseline concentration for speciesi (average of 20%
worst days),

RRF represents the relative response factor for speciesi.

The projected future worst-day (best-day) concentrations are converted to light extinction using
the IMPROVE equation, then daily light extinction is converted to deciview for each day.
Finally, projected daily deciview is averaged over all worst-case (best-case) days for each year,
then averaged over al years to produce the single future value needed to address visibility goals
for each Class | area.

The NDDoH will implement the approach described above. The WRAP RMC has previously
devel oped emission inventories (baseline and future), conducted modeling, and projected future
visibility for the WRAP region Class | IMPROVE sites using the CMAQ grid model®. But to
address weight of evidences issues, and possibly concerns about the resolution of the WRAP
CMAQ simulations, the NDDoH needed an in-house modeling capability. The RMC is applying
CMAQ on aNational basis using agrid resolution of 36 km, with no plume-in-grid treatment.
As such, dilution of point source plumes, and the speed of chemical reactions for species
contained in the plume, may be overstated, particularly for large sources located relatively near
Class| aress.

The NDDoH proposes to apply a hybrid modeling procedure by nesting the local NDDoH
CALPUFF domain within the WRAP National CMAQ domain, and applying the Lagrangian
CALPUFF model in aretrospective sense to more redlistically define plume geometry for local
point sources. To implement the nesting, hourly output concentrations from WRAP CMAQ will
be used to set hourly boundary conditions for CALPUFF. The NDDoH will prepare baseline and
future emission inventories for the CALPUFF domain, and will include the effect of proposed
BART controlsin the future inventory. CMAQ output used to set CALPUFF boundary
conditions will reflect corresponding WRAP cases for baseline and future emission inventories.
After this modeling system has been applied, the baseline and future case output from CALPUFF
will be used to develop RRF's.

The hybrid modeling approach will be used for simulation of SO,-SO4,-NOx-HNO3-NO3
chemistry and transport, and thus sulfate and nitrate predictions, only. The larger sources located
relatively near North Dakota Class | areas, where CMAQ dilution isa concern, are primarily
emitters of SO, and NOx. Further, IMPROVE measurements at North Dakota Class | areas
indicate that sulfate and nitrate are primary contributors to light extinction on most worst-case
days. Individua species contribution to light extinction for worst-case days at Theodore

® See Supra note 2



Roosevelt National Park isillustrated in Figure 3-1. Therefore, weight of evidence assessments
will be most applicable to sulfate and nitrate species.

For all other visibility-affecting species, including OMC, EC, Soil, and CM, predictions needed
for developing RRF's will be taken directly from CMAQ output. WRAP CMAQ output from the
grid cell containing the subject Class | areaIMPROVE site for baseline and future cases will be
utilized. Inthisway, the NDDoH will take advantage of the extensive work WRAP has
undertaken to devel op accurate model emissions inventories for OMC-EC-Soil-CM species and
precursors. CMAQ output for these species will be combined with hybrid modeling results for
sulfate and nitrate in order to project future concentrations necessary for light extinction
calculations for worst (best) days.

Along with setting boundary conditions, WRAP CMAQ datawill be used for developing area
source emissions inventories within the CALPUFF domain. The NDDoH will develop it’s own
point source inventory for SO, and NOx, but will rely on WRAP CMAQ datafor all other source
categories (and for point source SO, and NOs) to apportion emissions within the CALPUFF
domain. WRAP is using the SMOKE emissions model*° to devel op the emissions inventory

for CMAQ. The NDDoH will request and further process SMOKE output to define area source
emissions for the CALPUFF domain. The CALPUFF area source emissions inventory will
include the species SO,, SO4, NOx, and NOs. In addition, primary SO, and NO3; emissions data
will be extracted from the SMOKE inventory for point sources, and apportioned to the
CALPUFF domain as area sources. WRAP CMAQ source categories to be included in the
CALPUFF emissions inventory are outlined in Table 3-1. Note that WRAP SMOKE output did
not contain all four species for some source categories.

Table 3-1
CMAQ-CALPUFF Area Source Categories
Source Category Species Included

All Fires SO,, NOy, SO4, NO3
Biogenics NOx
Fugitive Dust SOy, NO3
On-Road Mobile SO,, NOy, SO4
Off-Road Mobile SO,, NOy, SO4, NO3
Road Dust SOy, NO3
Oil & Gas SO,, NOx
Conventional Area SO,, NOx, SO4, NO3
Point S04, NO3

19 University of North Carolina, 2007. SMOKE User's Manual. The Institute for the
Environment, University of North Carolina.
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Contribution to Extinction

Figure 3-1
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The proposed interfacing of CMAQ and CALPUFF modeling systems for the hybrid approach is
illustrated in the flow diagram in Figure 3-2. Necessary software for processing SMOKE
emissions and CMAQ concentration data will be developed by the NDDoH. The software will
be made available for public review.

Prior to baseline and future case CALPUFF modeling, the NDDoH will undertake a model
performance evaluation. This evaluation will focus on the performance of the hybrid CMAQ-
CALPUFF modeling system for sulfate and nitrate. Asindicated previously, the CMAQ
performance evaluations conducted by WRAP for OMC, EC, Sail, and CM species also apply.

The NDDoH will obtain CMAQ emissions input data (SMOKE output) and hourly concentration
output files from the WRAP RMC. CMAQ data used to set CALPUFF boundary conditions and
develop the CALPUFF area source inventory will be based on WRAP cases BASEO2b,
PLANO2d, and PRP18a, for performance evaluation, baseline case, and future case modeling,
respectively. These WRAP scenarios are described as follows.

. Case BASEO2Db reflects CMAQ modeling using year 2002 emissions with year 2002
meteorology. WRAP isusing this case for performance evaluations.

o Case PLANO2d reflects CMAQ modeling using composite 2000-2004 emissions with
2002 meteorology. WRAP is using this case for the base period to generate relative
response factors.

o Case PRP18a (Preliminary Reasonable Progress 18a) reflects CMAQ modeling using
projected year 2018 emissions with 2002 meteorology. Case PRP18a represents base
period emissions projected to 2018, accounting for preliminary estimates of the effect of
BART controls, and assuming other growth and control factors. WRAP is using this case
for the future period, on an interim basis, to generate relative response factors.

WRAP will eventualy be refining it's PRP18a case in order to more accurately represent the
effect of BART and other controls. The NDDoH will request data from the updated CMAQ
case(s) when available, and revise the future case modeling.

WRAP RMC has conducted CMAQ modeling for the above cases using 2002 meteorol ogical
data, only. Therefore, the hybrid modeling conducted by the NDDoH will be limited to this
single year of meteorological data. The RRF's developed from 2002 modeling will be applied to
al five years of baseline monitoring data (2000-2004) to project future visibility. To the extent
applicable, CALMET-CALPUFF input settings for regional haze modeling will be consistent
with those specified in the North Dakota BART modeling protocol ™!,

" NDDoH, 2005. Protocol for BART-Related Visibility Impairment Modeling Analyses
in North Dakota. North Dakota Department of Health, Bismarck, ND 58501.
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Interfacing of CMAQ and CALPUFF Modeling Systems

Figure 9-4
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The versions of CALPUFF and associated programs which the NDDoH will utilize for regional
haze modeling are summarized in Table 3-2.

Table 3-2
CALPUFF System Versions
Applicable For Regional Haze Modeling

Program Version Level
CALMET 5.8 70623
CALPUFF 5.8 70623
POSTUTIL 1.56 70627
CALPOST 5.6394 70622

Specifics of the NDDoH plan for projecting future visibility are outlined in Section 4.

3.2 Normalizing Hybrid Model RRF to WRAP CMAQ RRF

Based on initial performance testing conducted by NDDoH, the hybrid CMAQ-CALPUFF
modeling system performs well in replicating observed concentrations of SO, and NO; (see
Appendix A). However, performance regarding sensitivity to changes in emissions appears less
robust, with CMAQ-CALPUFF overstating future case nitrate formation compared to predictions
obtained by WRAP using CMAQ aone. For thisreason, the NDDoH is proposing to modify the
methodology for projection of future visibility by normalizing or standardizing the hybrid
CMAQ-CALPUFF RRF to the CMAQ RRF obtained by WRAP, for species SO, and NOs. This
normalized approach can be expressed:

RRF* = WRAP CMAQ RRF Hybrid Model production RRF* (3-1)
Hybrid Model CMAQ emulation RRF*

where

RRF represents the EPA default relative response factor for speciesi (specific days for
PLANO2d and PRP18a,

RRF* represents the relative response factor for speciesi and NDDoH scenario k,
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Hybrid Model production RRF represents the result from the weight of evidence
modeling step (see Sections 4.4, 4.5),

Hybrid Model CMAQ emulation RRF represents the result from the CMAQ emulation
modeling step (see Section 4.6)

Note that the production RRF varies for each weight of evidence scenario, whilethe CMAQ
emulation RRF remains constant for all weight of evidence scenarios. Thisis because all weight
of evidence scenarios are normalized to the single (EPA default) modeling scenario conducted by
WRAP

By standardizing or normalizing RRF's to the default CMAQ values obtained by WRAP, this
approach acknowledges the sophistication of CMAQ chemistry compared to CALPUFF
chemistry, especially the CMAQ sensitivity to changesin emissions. But the approach also
retains the benefits of CALPUFF in providing better definition of point sources, plumes, and
receptors. Asdiscussed earlier, CMAQ-CALPUFF integration alows the NDDoH to explore
future visibility impact from various local weight of evidence options which were not included in
WRAP modeling. All weight of evidence scenario CMAQ-CALPUFF RRF'swill be normalized
to the WRAP CMAQ default RRF.

Asindicated in Equation 3-1, the normalization scheme requires an RRF based on hybrid
CMAQ-CALPUFF emulation of the WRAP CMAQ default configuration. CALPUFF inputs
must be set so that the CMAQ-CALPUFF run replicates WRAP CMAQ as closely as possible.
Though it is acknowledged that CALPUFF cannot reproduce the CMAQ chemistry, the
configuration of emissions and receptors in CALPUFF can be adjusted to more closely emulate
the WRAP CMAQ configuration. Software will be developed to alocate al point source
emissionsto a CALPUFF 36-km area source grid. The CALPUFF “effective height” (plume
height) and “initial sigma z” area source input parameters will be used to assign point source
emissionsto discrete vertical “layers” which are consistent with WRAP CMAQ layers. Effective
height will be based on stack height plus plume rise as calculated in the software.

Receptor resolution in WRAP CMAQ islimited to the average concentration in the 36-km
surface grid cell volume containing the Class | areaIMPROVE site. To emulate in CALPUFF,
the predicted concentration will reflect the average over a uniform receptor grid placed within the
CALPUFF area-source 36-km grid cell containing the IMPROVE site. Receptors will be spaced
at 3 km for atotal of 12 x 12 or 144 receptors for each Class | area. Elevation for each receptor
will reflect the value used for the CALPUFF area-source grid cell.

Note that no changesto CALMET inputs (and thus the meteorological data set) are required for
the emulation scenario. The ammonia background concentrations (emulation scenario) used with
POSTUTIL will be derived from CMAQ output, which includes the ammonia species. Hourly
ammonia concentrations will be taken from the CMAQ grid cells containing the North Dakota
IMPROV E monitoring sites.

WRAP CMAQ RRF's (specific day option) are provided in Table 3-3.
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Table 3-3

WRAP CMAQ RRF
(Specific Day Option)

TRSU Worst D | TRSU Best D Lost Worst D Lost Best D
SOy 0.92 1.02 0.91 1.02
NO; 0.92 0.93 0.96 0.89
OMC 1.01 1.01 1.05 1.01
EC 0.72 0.78 0.73 0.74
Soil 1.13 1.08 111 0.96
CM 1 1 1 1

An example may clarify the normalization process. If, for 20% worst days at TRSU, one obtains
an SO4 RRF of 0.95 from the hybrid model production modeling step (call it weight of evidence
scenario 1), and an SO, RRF of 0.99 from the hybrid model CMAQ emulation modeling step, the
resultant final RRF for SO, becomes 0.92(0.95/0.99) or 0.88. In other words, instead of relying
on the WRAP RRF of 0.92 to project future SO, concentratons, the RRF value has been
“corrected” to 0.88 based on assumptions in the weight of evidence scenario 1, and the difference
in treatment of emissions/receptorsin CMAQ vs. hybrid modeling systems.

4 Detailed Visibility Projection Plan

1. Obtain/prepare CMAQ-related data from WRAP/RMC.

a

Obtain CMAQ 36-km hourly concentration output files for BASEO2b, PLANO02d, and
PRP18a modeling cases (also for updated PRP18a cases when available). These data
will be used to set SO,-SO,-NOx-HNO3-NO3 boundary conditions for CALPUFF,
and provide direct estimates of OMC, EC, Soil, and CM for calculation of visibility.

Obtain CMAQ (SMOKE) 36-km gridded area source emissions data (annual) used for
cases BASEO2b, PLANO2d, and PRP18a modeling cases (also for updated PRP18a
cases when available). These datawill be used to apportion area source emissions for
CALPUFF modeling.

Devel op/implement software to convert CMAQ hourly output for SO,-SO4-NOx-
16



HNO3-NO; to hourly boundary condition input for CALPUFF. Conversion procedure
will focus on CMAQ output for grid cellsin vicinity of perimeter of NDDoH
CALPUFF domain.

Develop/implement software to extract CMAQ hourly output concentrations for
OMC, EC, Soil, and CM for grid cells containing TRNP and Lostwood IMPROVE
monitors. These concentrations will be used directly in calculation of daily light
extinction for these Class | areas (recall that CALPUFF simulation will provide SO,
and NOgs species only).

Establish 36 km CALPUFF grid structure for area source emissions. This 36 km area
source grid will be aligned with the basic NDDoH CALMET 3 km
meteorol ogical/computational grid.

Develop/implement software/procedure to apportion CMAQ 36-km gridded (area
source) annual emissions datato CALPUFF 36-km grid cells for species NO,-NO-
NOs;-SO,-SO,. The software must account for the use of different Lambert
projectionsin CMAQ and CALPUFF coordinate systems. Also, the CMAQ NO and
NO, species must be combined to form the NOx species used by CALPUFF.

2.  Review five-year base period (2000-2004) IMPROV E monitoring data to determine 20 %
worst/best days at TRNP South Unit and Lostwood NWA Class | areas.

a

Obtain raw IMPROVE data containing daily deciview for each Class | areafrom
“TSS” web site (http://vista.cira.col ostate.edu/tss/) for 2000-2004. For each Class |
area and each year, rank days from highest to lowest deciview.

Based on ranked daily deciview, determine 20% worst and 20% best visibility days
for each year for each Class | area. Before determining 20% worst and 20% best
days, eliminate any days with missing data for extinction calculation.

Optional (weight of evidence) - Examine species composition and met. data for worst
days in order to estimate primary source of emissions. Devel op/implement objective
criteriato discard each 20% worst day (for each year) where primary contribution to
total deciview comes from sources over which the NDDoH has no regulatory control
(e.g., natural emission source). Determine whether appropriate to substitute for
discarded days from remaining ranked pool. Use adjusted inventory of 20% worst
days to calculate average deciview, below. Note that this optional screening is not
intended to apply to Canadian emissions, as a more direct method for discounting
impact of those emissionsis proposed (see Section 5).

3.  Conduct a performance evaluation of the CMAQ-CALPUFF hybrid modeling system for
SO, and NO3 using 2002 meteorology, 2002 emissions, and 2002 IMPROV E observations.

a

Use WRAP CMAQ hourly output for SO,-SO4-NOx-HNO3-NOs to set hourly

17



boundary conditions for CALPUFF. CMAQ hourly output will be drawn from
WRAP Case BASEO02b, which is consistent with the scenario WRAP is using to test
CMAQ performance.

Develop loca emissions inventory for SO, and NOx point sources located within the
NDDoH CALPUFF domain. Inventory will be based on emissions for Y ear 2002.
Point source data, with exception of oil and gas related sources, will be taken from the
NDDoH modeling database, State of Montana, and Canada. Source data for oil and
gas related emissions will be taken from the NDDoH / Oil and Gas Division’sjoint
database. Actual emission rates, annual tons per operating hour, will be used for
major sources. If time permits, application of seasona emissions profiles will aso be
considered. Where CEM’s datais available, the NDDoH may consider use of hourly
emission rates.

Develop loca emissions inventory for SO,-SO4-NOx-NO; area sources located within
the NDDoH CALPUFF domain. Area source datawill be based on the WRAP area
source inventory for 2002. CMAQ (SMOKE) 36-km gridded data for case BASEQ2b,
apportioned to CALPUFF 36-km grid structure, will constitute the area source
inventory. State quarterly emissions data from the “TSS” web site

(http://vista.cira.col ostate.edu/tss/) for case BASEO2b will be used to apply quarterly
(seasonal) profilesto the annual WRAP data. Source categories to be included in the
area source inventory were outlined in Table 3-1.

Apply CALPUFF modeling system (CALMET-CALPUFF-POSTUTIL-CALPOST)
for SO,-SO,-NOx-NO;3 source inventories and boundary conditions as outlined above.

Execution of the CALPUFF modeling system will be based on the NDDoH BART
visibility modeling protocol * and the following additional input conditions:

i.  Apply modeling system for Y ear 2002 emissions/meteorology, only.

ii.  Specify receptors for TRNP South Unit and Lostwood NWA IMPROVE
monitor locations, only (two receptors).

iii.  CALPUFF emission factors will be used to facilitate sources for which temporal
emission profiles have been applied.

iv. Apply the ammonialimiting method using POSTUTIL.

Prepare statistical summary of hybrid system performance for sulfate and nitrate.
Statistics will be based on EPA Guidance on the Use of Models and Other Analyses
for Demonstrating Attainment of Air Quality Goals for Ozone, PM2.5, and Regional
Haze™ (Section 18). Assessment of performance will focus on accuracy for 20%
worst day average, and on the sensitivity of the modeling system to respond to
changes in emissions.

12 See Supranote 11
13 See Supranote 6
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Changesto CALMET-CALPUFF inputs, such as the configuration of emission
inventories, which may improve performance and are scientifically defensible will be
considered. Effectiveness of these changes will be addressed in afollow-up
performance evaluation (i.e., repeat Steps d and e, above).

Note that NDDoH has conducted a preliminary performance evaluation, consistent with the
procedure outlined above, which is described in Appendix A of this document.

Conduct RRF base period (2000-2004) production modeling for SO, and NO3 using hybrid
CMAQ-CALPUFF modeling system with 2002 meteorol ogy.

a

Use WRAP CMAQ hourly output for SO,-SO4-NOx-HNO3-NOj3 to set boundary
conditions for CALPUFF. CMAQ hourly output for setting CALPUFF base period
boundary conditions will be drawn from WRAP Case PLANO2d, which represents a
composite emission scenario for the period 2000-2004.

Develop local emissions inventory for SO, and NOx point sources located within the
NDDoH CALPUFF domain. Using the 2002 inventory devel oped for the
performance evaluation (2b, above), edit emission rates to reflect average of annual
emissions for 2000-2004 (use of unedited 2002 values for oil and gas related sources
and other smaller sources may be adequate). WRAP has suggested monthly scaling
of emissions™. If time permits, consider application of temporal emission profile to
larger sources, where applicable (e.g., EGU’s, agricultural facilities).

Develop local emissions inventory for SO,-SO,4-NOx-NO; area sources located within
the NDDoH CALPUFF domain. Areasource datawill be based on the WRAP area
source inventory for the base period, 2000-2004. CMAQ (SMOKE) 36-km gridded
data for case PLANO2d, apportioned to CALPUFF 36-km grid structure, will
constitute the area source inventory. State quarterly emissions data from “TSS” web
site (case PLANO02d) may be used to apply quarterly (seasonal) profilesto the annual
WRAP data. Source categories to be included in the area source inventory were
outlined in Table 3-1.

Apply CALPUFF modeling system (CALMET-CALPUFF-POSTUTIL) for SO,-SO;-
NOx-NO; source inventories and boundary conditions as outlined above. Execution
of the CALPUFF modeling system will be based on the NDDoH BART visibility
modeling protocol and the following additional input conditions:

I. Changesto CALMET-CALPUFF input settings (if any) established in
performance evaluation.
ii.  Apply modeling system for year 2002 meteorology, only.

14 See Supranote 2
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iii.  Specify receptors for TRNP South Unit and Lostwood NWA IMPROVE
monitor locations. For consistency with EPA guidance™, additional receptors
will be included to accommodate receptor averaging (accounts for possible
inaccuracy of plume placement by the model) at both sites. A 3 x 3 grid of
receptors, at 5 km spacing, will be centered on the IMPROV E monitor location.

iv. CALPUFF emission factors will be used to facilitate sources for which temporal
emission profiles have been applied.

v.  Apply the ammonialimiting method using POSTUTIL with hourly background

values. Note that, if modeled scenario involves discounting the impact of
Canadian sources (see Section 5), the 3-step ammonia limiting method must be
applied to properly account for scavenging of ammonia by Canadian source
emissions.

5. Conduct RRF future period (2018) production modeling for SO, and NO3; using CMAQ-
CALPUFF hybrid modeling system with 2002 meteorol ogy.

a

Use WRAP CMAQ hourly output for SO,-SO,-NOx-HNO3-NO;3 to set boundary
conditions for CALPUFF. CMAQ hourly output for setting CALPUFF future period
boundary conditions will be drawn from WRAP case PRP18a, which represents the
preliminary projected emission scenario for 2018.

Develop loca emissions inventory for SO, and NOx point sources located within the
NDDoH CALPUFF domain. Using the 2002 inventory developed for RRF base
period modeling (4b, above), annual emission rates/ stack parameters will be edited
to reflect expected changes by 2018 (use of unedited 2002 values for oil and gas
related sources and other smaller sources may be appropriate). Point sources which
have received or are likely to receive North Dakota (Montana, Canada?) air quality
permits subsequent to 2004 will be added to the inventory. Sources which have shut
down or are likely to shut down subsequent to 2004 and prior to 2018 will be del eted.
For BART-applicable point sources, the NDDoH preferred BART control scenario
will be used to develop 2018 annual emission rates and stack parameters (i.e., until
BART control strategies arefinal). Tempora emission scaling will be applied asin
the baseline point source inventory.

Develop loca emissions inventory for SO,-SO4-NOx-NO; area sources located within
the NDDoH CALPUFF domain. Area source datawill be based on the WRAP area
source inventory for the future period 2018. CMAQ (SMOKE) 36-km gridded data
for case PRP18a, apportioned to CALPUFF 36-km grid structure, will constitute the
area source inventory. State quarterly emissions data from “TSS” web site (case
PRP18a) may be used to apply quarterly (seasonal) resolution to the annual WRAP
data. Source categoriesto be included in the area source inventory were outlined in
Table 3-1.

> See Supranote 6
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Apply CALPUFF modeling system (CALMET/CALPUFF/POSTUTIL) for SO,-SO4-
NOx-NO3 source inventories and boundary conditions as outlined above. Execution
of the CALPUFF modeling system will be based on the NDDoH BART visibility
modeling protocol and the following additional input conditions:

I. Changesto CALMET/CALPUFF input settings (if any) established in
performance evaluation.

ii.  Apply modeling system for year 2002 meteorology, only.

iii.  Specify receptors for TRNP South Unit and Lostwood NWA IMPROVE
monitor locations. For consistency with EPA guidance'®, additional receptors
will be included to accommodate receptor averaging (accounts for possible
inaccuracy of plume placement by the model) at both sites. A 3 x 3 grid of
receptors, at 5 km spacing, will be centered on the IMPROV E monitor location.

iv. CALPUFF emission factors will be used to facilitate sources for which temporal
emission profiles have been applied.

v.  Apply the ammonialimiting method using POSTUTIL with hourly background
values. Note that, if modeled scenario involves discounting the impact of
Canadian sources (see Section 5), the 3-step ammonia limiting method must be
applied to properly account for scavenging of ammonia by Canadian source
emissions.

Revise future case modeling (repeat 5a, 5¢, and 5d) using WRAP CMAQ output
representing updates to case PRP18a, when available.

Optional (weight of evidence) - To discount the effect of Canadian sources on
compliance with visibility goals, delete all Canadian sources from the CALPUFF
future emissions inventory before applying model (see discussion The Impact of
International Sources on North Dakota Class| Areasin Section 5).

Conduct CMAQ emulation modeling needed to implement the normalization step described
in Section 3.2, using CMAQ-CALPUFF hybrid modeling system with 2002 meteorol ogy.
(Note that CMAQ emulation modeling is conducted only once, with the same result used
for any weight of evidence option).

a

Modify the base and future period emissions inventories developed in above Steps 4
and 5 asfollows:

i.  Reallocate point source emissions to area sources consistent with CALPUFF 36-
km area source grid structure.

ii.  Use CALPUFF area-source “release height” and “initial sigmaz” input
parameters to configure al area sources (including those just created from point
sources) in discrete “layers” consistent with WRAP CMAQ layers.

16 See Supranote 6
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No modification necessary for boundary conditions (boundary condition
resolution already 36 km).

Apply CALPUFF modeling system (CALMET-CALPUFF-POSTUTIL) for emission
inventories and boundary conditions as outlined above, for both base and future
period scenarios. Execution of the CALPUFF modeling system will be based on the
NDDoH BART visibility modeling protocol and the following additional input
conditions:

Changesto CALMET/CALPUFF input settings (if any) established in
performance evaluation.

Apply modeling system for year 2002 meteorology, only.

Use uniform receptor grid spaced to fill the CALPUFF 36-km (area source) grid
cell containing the TRNP South Unit and grid cell containing the Lostwood
NWA IMPROVE monitor locations. Receptors will be spaced at 3 km for a
total of 12x12 or 144 receptors for each Class | area

CALPUFF emission factors will be used to facilitate sources for which temporal
emission profiles have been applied.

Apply the ammonia limiting method using POSTUTIL with WRAP CMAQ
hourly background values.

Develop SO, and NO; relative response factors (RRF) using CMAQ emulation scenario
modeling results. (Note that CMAQ emulation RRF’s are devel oped only once, and the
same values are used for any weight of evidence option.)

a

C.

Extract CALPUFF daily (24-hour) predicted concentrations for the days consistent
with the 20% worst days identified in IMPROV E monitoring data for 2002. Calculate
the average of the daily SO, and NO; predictions for these days, for both baseline and
future period scenarios. Repeat procedure for each Class | area.

Calculate 20% worst day RRF's for each species (SO,4, and NO3) as the ratio of the
future average worst-day prediction to the baseline average worst-day prediction.
Repeat for each Class | area.

Repeat a, b, above, for 20% best days.

Develop final relative response factors using baseline and future scenario production
modeling results.

a

Extract CALPUFF daily (24-hour) predicted concentrations for the days consistent
with the 20% worst days identified in IMPROV E monitoring data for 2002. Calculate
the average of the daily SO, and NOj3 predictions for these days, for each scenario.
Repeat procedure for each Class | area.

Calculate 20% worst day RRF's for SO, and NO; species as the ratio of the future
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f.

average worst-day prediction to the baseline average worst-day prediction. Repeat for
each Class| area.

Use these RRF’s, the CMAQ emulation RRF’s from item7b, and the WRAP CMAQ
RRF'sfrom Table 3-3 to calculate the final RRF's for SO, and NOg, using Equation
3-1. Repeat for each Class| area

Repeat a, b, and ¢, above, for 20% best days.

For OMC, EC, Soil, and CM species, take final RRF's from WRAP CMAQ
modeling, as provided in Table 3-3.

For sea sdlt (SS), assume RRF of 1.0 for worst-days/best-days for both Class | areas.

Apply final RRF's to baseline monitoring data (2000-2004) to project future visibility for

each Class| area.

a

Apply species-specific RRF's to 20% worst baseline monitored days in year 2000 to
project future concentrations for each species for each day (the same species-specific
RRF's are used for each day). Repeat for years 2001 through 2004.

Using the projected future concentrations for 20% worst days in year 2000, calculate
light extinction (using new IMPROVE equation) and convert to deciview for each
day. Repeat for years 2001 through 2004.

Calculate average worst-day future deciview from projected daily future deciview
(7b), for each year (2000-2004). Then, calculate future five-year average worst-day
deciview.

Repeat a, b, and ¢, above, for 20% best baseline monitored days.
Optional (weight of evidence) - Using the species-specific projections from items 8c

and 8e, calculate five-year average future light extinction for each species for 20%
worst days (to accommodate glide path goals for individual species).

10. Determine status with respect to 2018 visibility goals.

a.

Compare five-year average projected future deciview for worst days (item 9c) with
five-year average monitored baseline deciview for worst days (WRAP TSS), for each
Class| area, to determine status with respect to visibility goals.

Compare five-year average projected future deciview for best days (item 9d) with

five-year average monitored baseline deciview for best days (WRAP TSS), for each
Class | area, to determine whether visibility has deteriorated.
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c. Optional (weight of evidence) - Compare five-year average projected future light
extinction for each species for worst days (item 9e) with five-year average monitored
baseline extinction for each species for worst days (WRAP TSS) to determine status
with respect to visibility goals for individual species.

5 The Impact of International Sources on North Dakta Class | Areas
5.1 Proposed Approach

In the process of analyzing progress with respect to visibility goals, it will be necessary for
NDDoH to address the impact of Canadian sources north of the International border. One
method, as part of aweight of evidence demonstration, would be to discount the effect of
Canadian sources (over which the State has no regulatory control). This could be accomplished
by eliminating the contribution of Canadian sources to baseline monitoring data used for
visibility projections, eliminating Canadian sources from the modeled inventories used to
develop RRF's, and developing an adjusted glide path for future visibility goals.

Recall that EPA guidance'” provides that RRF’s are devel oped by comparing the future average
predicted concentration for 20% worst days (best days) to the baseline average predicted
concentration for 20% worst days (best days), for each species. The species-specific RRF's are
then applied to species-specific baseline monitored concentrations for each 20% worst day (best
day), for each baseline year, to project corresponding future values. Finally, these future daily
concentrations are converted to light extinction, then deciview, and averaged over al worst (best)
days to project future deciview. This approach isincorporated in the NDDoH visibility
projection plan (Section 4).

To discount the effect of Canadian sources, the RRF’s are adjusted in the modeling process, and a
modified glide path is developed.. As discussed in Section 3, the projection of future
concentration can be expressed:

XUt = XU (RRF) = XM (XU /X 1) (5-1)
where

X' represents projected observed future concentration for speciesi on day j (each of 20%
worst days for each baseline year),

X represents observed baseline (IMPROVE data) concentration for speciesi on day |
(each of 20% worst days for each baseline year),

" See Supranote 6
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>_<‘pf represents average predicted future concentration for speciesi (average of 20% worst
days),

>_(‘pb represents average predicted baseline concentration for speciesi (average of 20%
worst days),

RRF represents the relative response factor for speciesi.

To discount the effect of Canadian emissions, the impact of Canadian sources is removed from
Equation 5-1 variables, which provides

Xi’jof(us) = xi'job(us) O_(ipf(us) /;(ipb(us)) (5-2)
where

(us) represents the Equation 5-1 variable with the impact of Canadian sources removed
(impact of US sources and natural background, only)

Thus, baseline US observations which exclude the impact of Canadian sources, and future and

baseline modeling results which exclude the impact of Canadian sources, would be required to

project future US concentrations. While baseline and future modeled inventories can be easily
adjusted to remove Canadian sources, adjustment of baseline observations to exclude Canadian
source impact could be technically difficult.

It is reasonable instead to consider a modeling solution for the estimation of adjusted baseline
concentrations. A factor representing the ratio of modeled impact of “all baseline sources less

Canadian sources” to “al baseline sources” could be applied to adjust the observed baseline, as
follows:

X gy = Xop O_(ipb(us) /;(ipb) (5-3)
Substituting Equation (5-3) into Equation (5-2) provides

X otag = XMop (X b />_<ipb) O_(ipf(us) /;(ipb(us)) (5-4)
Finally, Equation (5-4) reducesto

X otag = XMop (X ot /;(ipb) (5-5)
So Equation 5-5 provides a modeling solution for projecting future concentrations without the
impact of Canadian sources. The adjusted RRF's (X' (s /X'pp) Would be inserted in the visibility

projection plan item 8b to project future concentrations for each species for each day.
Effectively, this approach isimplemented by including Canadian sources in the baseline modeled
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inventory, and excluding Canadian sources from the future modeled inventory (i.e., the weight of
evidence option included as modeling plan item 5f).

To complete the source apportionment process, the impact of Canadian emissions must also be
removed from the glide path used to assess visibility improvement progress. Therevised glide
path would be based on Equation 5-3, which provides a baseline starting point without the effect
of Canadian emissions. The adjusted species-specific glide path isillustrated in Figure 5-1, for a
case where Canadian emissions comprise one-half of total observed concentrations for sulfate.

One caveat associated with the use of the adjusted glide path is that the impact of US-only
emissions will not be consistent with 2018 IMPROV E monitoring data (which will reflect the
total impact of all sources). If the 2018 IMPROVE data are to be used to monitor visibility
progress with respect to the adjusted 2018 goal, the impact of 2018 Canadian emissions will first
have to be subtracted from the monitored observations.

The NDDoH proposes to apply the adjusted RRF's and glide path for 20% worst days only, asthe
impact of Canadian sourcesis not likely to be problematic in meeting visibility goals for best
days. Because hybrid modeling will be applied only for S and N chemistry, the RRF adjustment
would apply only to sulfate and nitrate species.

Note that other methods have been suggested for discounting the effect of international sources
on visibility improvement progress. CENRAP has proposed several options for discounting the
impact of international sources™. Montana has suggested an adjusted glide path where the
impact of international sources is added onto the 2064 natural background, rather than subtracted
from the baseline. Effectively, the Montana approach produces the same result as the procedure
suggested here.

5.2 lllustration

A species-specific illustration may clarify the proposed approach. Consider a hypothetical US
Class | area where Canadian emissions contribute one-half of the average observed sulfate
concentration for 20% worst days. For thisillustration, it is assumed there are only two worst-
case monitored days. It isaso assumed that impact of US sources (plus natural sources) will be
25% lower in 2018 compared to the baseline, and that the inventory/impact of Canadian sources
remains unchanged between the baseline and 2018. Finally, to implement the new IMPROVE
equation, values for f{(RH), f(RH), and conversion from sulfate to ammonium sulfate are
assigned as 2.7, 2.1, and 1.375, respectively. (For ssmplification, thisillustration does not
include WRAP CMAQ normalization.)

First, consider what happens if no adjustment is made, and the impact of Canadian sources

18 CENRAP, 2007. CENRAP Policy Oversight Group (POG) - Summary of PM Source
Apportionment Modeling and 2018 Projection Approaches. Power Point presentation, Joint
Workgroup Meeting, Kansas City, Missouri, March 7, 2007.
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remainsin the IMPROV E basdline observations, and the model ed baseline and future emission
inventories (future projection based on Equation 5-1):

1) Examination of IMPROV E monitor datafor this Class | arearevealsthat May 30 and July 10
are the two worst 20% visibility daysin 2002. The observed concentration of sulfate on May 30
is 2.5 ug/m3, and the observed concentration of sulfate on July 10is 2 ug/m3.

2) Generate EPA default glide path for this Class | area (Figure 5-1). Species-specific starting
point for this glide path is determined by converting observed baseline sulfate concentrations for
20% worst days (in this case 2.5 ug/m3 and 2.0 ug/m3) to light extinction (new IMPROVE
equation), then averaging over all worst case days. This provides avalue of 20.38 Mm™. The
2064 endpoint for this path is the natural background, which for sulfateis assumed at 1.0 Mm™.

3) Baseline and future emission inventories are developed which include all US and Canadian
sources. The CALPUFF/CMAQ modeling system is executed for the baseline inventory and the
future inventory.

4) Modeling results for May 30 show a baseline predicted sulfate concentration of 2.8 ug/m3,
and afuture predicted sulfate concentration of 2.45 ug/m3. Resultsfor July 10 indicate a
baseline predicted sulfate concentration of 2.4 ug/m3, and afuture predicted sulfate
concentration of 2.1 ug/m3. Note that these results are consistent with the assumptions, above.

5) To develop the RRF for worst-day sulfate, the average future prediction is divided by the
average baseline prediction as follows:

RRF = ((2.45+2.1)/2) | ((2.8+2.4)/2) = 0.875

6) The RRF isapplied to sulfate observations for worst-case baseline days to project future
worst-case sulfate concentrations:

May30  2.5(0.875) =219 ug/m®
July 10 2.0 (0.875) = 1.75 ug/m®

7) Using the new IMPROVE equation, projected sulfate concentrations are converted to light
extinction, then averaged over all worst-case days. This provides an average projected extinction
of 17.63Mm'™.

8) Finally, the average projected future light extinction is compared with the glide path goal.
Thisisillustrated in Figure 5-1.

Now, the exercise is repeated using the suggested approach for discounting impact of Canadian
sources (future projection based on Equation 5-5).

1) Examination of IMPROV E monitor data for a hypothetical Class | arearevedsthat May 30
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and July 10 are the two worst 20% visibility daysin 2002. The observed concentration of sulfate
on May 30 is 2.5 ug/m3, and the observed concentration of sulfate on July 10 is 2.0 ug/m3.

2) Develop adjusted glide path using Equation 5-3 (Figure 5-1). Species-specific baseline
starting point for this glide path is developed by applying Equation 3 to 20% worst day sulfate
concentrations, then converting concentration to light extinction, and averaging over all worst
case days. For thisillustration, the baseline valueis 9.69 Mm™. Again, the path terminatesin
2064 at natural background, which is assumed at 1.0 Mm™ for sulfate.

3) A baseline emission inventory is developed which includes all US and Canadian sources. A
future emission inventory is developed which includes all US sources, but no Canadian sources.
The CALPUFF/CMAQ modeling system is executed for the baseline inventory and the future
inventory.

4) Modeling results for May 30 show a baseline predicted sulfate concentration of 2.8 ug/m3,
and afuture predicted sulfate concentration of 1.05 ug/m3. Resultsfor July 10 indicate a
baseline predicted sulfate concentration of 2.4 ug/m3, and afuture predicted sulfate
concentration of 0.9 ug/m3. Note that these results are consistent with illustration assumptions.

5) To develop the RRF for worst-day sulfate, the average future prediction is divided by the
average baseline prediction as follows:

RRF = ((1.05+0.9)/2) / ((2.8+2.4)/2) = 0.375

6) The RRF isapplied to sulfate observations for worst-case baseline days to project future
worst-case sulfate concentrations:

May30  25(0.375) = 0.94 ug/m®
July 10 2.0 (0.375) = 0.75ug/m®

7) Using the new IMPROVE equation, projected sulfate concentrations are converted to light
extinction, then averaged over all worst-case days. This provides an average projected extinction
of 718 Mm™,

8) Findly, the average projected future light extinction is compared with the adjusted glide path
goa. Thisisillustrated in Figure 5-1.

Asindicated in Figure 5-1, with the EPA default method including all sources, 61% of the 2018
visibility goal is achieved. With the aternate approach excluding Canadian source impact, 124%
of the 2018 goal is achieved.

Note that values used in thisillustration for observed and model ed sulfate concentrations are

completely hypothetical. The assumed 2064 natural background for sulfate, 1.0 Mm™, is
consistent with values posted on the TSS web site for North Dakota Class | areas. However,
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other natural background values have been suggested™.

6 Weight of Evidence Options

The NDDoH will complete the default visibility projection plan as detailed in Section 4. But the
Regional Haze Rule® specifies that the SIP may be based, in part, on evidence apart from results
of the default projection methodology. For example, the analysis could logically be modified to
discount the impact of visibility-affecting emission sources over which the NDDoH has no
regulatory control.

Options which could be considered in the analysis of visibility goas include:

o Discounting the impact of Canadian source visibility-affecting emission sources (discussed
in Section 5 and included in the Visibility Projection Plan as optional item 5f).

e  Discard certain worst-case monitored days, before projecting future visibility, if it can be
determined that primary species affecting light extinction on these days cannot be
controlled by NDDoH. This approach isincluded as a “weight of evidence” option in the
Visibility Projection Plan (item 2c).

e  Useof species-specific visibility progress goals. This approach has been suggested by
WRAP?, and isincorporated in the Visibility Projection Plan as “weight of evidence”
options (items 2f, 9e, and 10c).

e  Basing 20% worst visibility days for determining RRF's on baseline model results rather
than IMPROV E monitor data. This may be justified because neither CMAQ nor
CALPUFF perform well on a “paired-in-time” basis. The resultant RRF's would still be
applied to worst case IMPROVE days to project future visibility.

The abovelist is preliminary and not necessarily complete. The process or results of the
visibility projection analysis may suggest other weight of evidence options the NDDoH will want
to pursue.

¥ EPA, 2003. Guidance for Estimating Natural Visibility Conditions Under the Regional
Haze Program. Publication No. EPA-454/B-03-005, Office of Air Quality Planning and
Standards, Research Triangle Park, NC 27711.

20 See Supra note 1

2L WRAP, 2007. Attribution of Haze Workgroup’s Technical Recommendations on
Monitoring Metrics for Regiona Haze Planning (2/23/07 Draft).
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7 CALHAZE Software

The NDDoH is devel oping software (CALHAZE) to automate the analysis of IMPROVE
baseline monitoring data, the development of RRF’s, and the projection of future visibility. To
establish baseline monitored conditions, the software will access IMPROV E data downloaded
from the “VIEWS” web site. To develop RRF's, the software will operate on the CALPUFF
(POSTUTIL) hourly output files from baseline and future model ed scenarios. The new
IMPROVE equation, along with weight of evidence options noted above, will be incorporated in
the software.

This software will be made available for public review. In order to validate it’s accuracy,

CALHAZE output values for baseline conditions and default RRF's have been successfully cross
checked with data on the WRAP “TSS” web site.
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Appendix A
Hybrid CMAQ-CALPUFF Performance Evaluation

The North Dakota Department of Health (NDDoH) has conducted a limited operational
evaluation to assess performance of the hybrid CMAQ-CALPUFF modeling system. The focus
of the evaluation was to assess performance in reproducing observed concentrations of sulfate
and nitrate at IMPROVE monitoring sitesin North Dakota. These sites include the Theodore
Roosevelt National Park South Unit (TRSU) and the Lostwood Wilderness Area. Alternative
input options which might improve performance were al'so explored. To the extent applicable,
the performance evaluation followed EPA guidance for Regional Haze modeling analyses®.

Evaluation of performance was based on the plan outlined in Section 4.3 of the modeling
protocol. WRAP CMAQ hourly concentration output (SO,-SO4-NOx-HNO3-NO3) for Case
BASEO2B was used to set hourly boundary conditions for CALPUFF. The emissions inventory
(SO.-NOx) for the point source category was devel oped using data from the NDDoH emissions
database for 2002, and sources were configured as conventional point sourcesin CALPUFF.
Thisinventory included point sources located in adjacent parts of South Dakota, Montana, and
Canada, which are included in the NDDoH CALPUFF domain (see Figure 1-2). Thisinventory
also included SO, emissions associated with oil and gas production facilities (treaters and flares)
in North Dakota, which did not appear to be accounted for in the WRAP inventory for
BASEO2B. Emission rates for the point source inventory reflect actual emissions for Y ear 2002.

All other source categories (see Protocol Table 3-1) were treated as area sources in CALPUFF,
and the emissions inventory (SO,-SO4-NOx-NQO3) for these categories was based on WRAP
CMAQ input (SMOKE output) for al sources other than point sources. Software was prepared
and implemented to apportion the gridded SMOKE output emissions for BASE02B into a 36-km
area source grid structure developed for the NDDoH CALPUFF domain, on a consistent spatial
basis. Emission rates for this area source inventory reflect annual averages for the SMOKE data.

The CALPUFF modeling system (CALMET-CALPUFF-POSTUTIL-CALPOST) was applied
for SO,-SO,-NOx-NO;3 source inventories and boundary conditions as described above. For al
other input conditions, execution of the CALPUFF modeling system was initially based on the

2 EPA, 2007. Guidance on the Use of Models and Other Analyses for Demonstrating
Attainment of Air Quality Goals for Ozone, PM2.5, and Regiona Haze. Publication No. EPA
454/B-07-002, Office of Air Quality Planning and Standards, Research Triangle Park, NC 27711.

32



NDDoH BART visibility modeling protocol®® using Y ear 2002 meteorology. Single receptors
were placed at the TRNP and Lostwood IMPROVE sites. The ammonia limiting method was
applied using POSTUTIL. Concurrent, monthly average ammonia data were taken from the
NDDoH Beulah monitoring site.

After initial application of CALPUFF for the performance evaluation, it was concluded that
certain scientifically-defensible adjustments to CALPUFF input conditions may improve
performance for the hybrid modeling system, and should be investigated. Thus, the performance
evaluation evolved into a suite of tests which are described below.

1) Test 1- CALPUFF system executed with default input conditions, as outlined above. Air
mass depth for boundary conditions was set to 2000 meters.

2) Test 2- CALPUFF asin Test 1, but using CEM S 2002 hourly emissions data (SO,, NOy) for
point sources, where available.

3) Test 3- CALPUFF asin Test 1, but using WRAP MM5 12 km 2002 mesoscale datain
CALMET, rather than the default NDDoH RUC 2002 mesoscal e data.

4) Test4 - CALPUFF asin Test 1, but increasing air mass depth for boundary conditions from
2000 to 3000 meters.

5) Test5- CALPUFF asin Test 1, but with addition of SO, and NO3; emissions from point
sources. (Previous tests excluded this component, because SO, and NO3; emissions are not
included in the NDDoH point source inventory. For Test 5, an SO4-NO3; emissions inventory
was derived from SMOKE gridded output for the point source category, and configured as area
sources for CALPUFF.)

6) Test 6- CALPUFF asin Tests4 and 5 (air mass depth = 3000 meters, SO, and NO3; emissions
from point sources included), but area sources configured as 4 groups to account for varying
release heights, and Beulah hourly profile used for background NH3 in POSTUTIL. (Area
sources were configured as asingle CALPUFF group in previous tests.)

7) Test 7- CALPUFF asin Test 6, but Beulah hourly NH3 profile doubled for Lostwood.

Results of the performance evaluation are summarized in TablesA-1 and A-2. Table A-1
compares predicted NO3; and SO, concentrations to observed concentrations for both IMPROVE
sites, while Table A-2 provides predicted-to-observed ratios. Note that both tables include a
column labeled “CMAQ only”, which provides the original WRAP CMAQ results for Case
BASEQ2B.

Asshown in Tables A-1 and A-2, the three metrics selected to measure performance for this

%3 See Supra Note 11
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evaluation are 90™ percentile day concentration (24-hour average), average of 20% worst days
concentration, and annual average concentration. The first two metrics were selected for
consistency with the time scale that appliesto regiona haze modeling, i.e., average of the 20%
worst or 20% best days. The third metric, annual average concentration, isameasure of the
model’s ability to accurately conserve total annual mass. The comparison between predicted and
observed concentrations for the first two metricsis unpaired in time.

Resultsin Tables A-1 and A-2 indicate that the hybrid modeling system performed well, in
general. Even for the default Test 1, predictions were well within afactor of two of observations.

In most cases, the hybrid system predictions were closer to observations than predictions from
CMAQ, done. Table A-2 illustrates that the hybrid system slightly over-predicted observations
for TRSU NOg, and dlightly under-predicted, otherwise.

A comparison of results for Tests 1 through 5 reveals very little difference in predictions. The
implication is that the input changes reflected in Tests 2 through 5 did not add significant value
to the predictions. The increased temporal resolution obtained by using the CEMS hourly
emissions for applicable point sources (Test 2) provided no consistent improvement. Test 3
results suggest that the NDDoH RUC mesoscal e data is consistent with the WRAP MM5
mesoscale data. Test 4 results indicate that CALPUFF is not very sensitive to boundary air mass
depth. Even the addition of point source NO; and SO, emissionsin Test 5 achieved no
meaningful improvement in predictions, suggesting that sources configured as area sourcesin
CALPUFF may have only asmall contribution to the total prediction.

While the operational evaluation to compare predictions with observations was being conducted,
the NDDoH al'so undertook a preliminary diagnostic evaluation® to assess the response of the
hybrid modeling system to changesin NO3; and SO, predictions. In response to significant
reductions in both SO, and NOx emissions, the NDDoH found that the hybrid system responded
reasonably well with lower SO, predictions, but seemed to overstate NO; predictions for the
reduced emission scenario. In fact, NO3z concentrations actually increased under some
assumptions, possibly an overreaction to the newly freed ammoniain the reduced SO, emissions
scenario (SO, preferentially scavanges ammoniain the CALPUFF chemistry). This behavior
was not seen in the WRAP CMAQ results for baseline versus future predictions.

To address the problematic NOs response, the NDDoH discussed the issue with Joe Scire
(TRC)?, arecognized CALPUFF expert in the regulatory modeling community. Mr. Scire
indicated that TRC testing has shown that the NOs3 response may improve if hourly background
ammoniais used rather than monthly average values. Also, Mr. Scire provided some insight on
configuring area sources in CALPUFF to be more consistent with the area source treatment in
CMAQ. Thisinvolves proper settings for the CALPUFF “release height” and “initial sigma z”
input parameters for area sources. The NDDoH retested after incorporating Mr. Scire's

2 See Supra note 22

% TRC, 2008. Telephone consultation with Joe Scire, May 29, 2008. Joe Scire, TRC
Corporation, Lowell, MA 01854
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suggestions, i.e., using hourly ammonia background and reconfigured area sources. Although the
NOs response improved, predicted reductions were still not consistent with CMAQ.

Asaresult of theinitial diagnostic performance testing, the NDDoH concluded that the use of
hourly ammonia background concentrations is preferable to the use of monthly averages, and that
CALPUFF inputs for area sources should be reconfigured. Additional operationa evaluation
tests ( Tests 6 and 7) were thus conducted to determine how these changes would affect the
comparison with observations. Test 6 was conducted by first assuming a boundary air mass
depth of 3000 meters (Test 4) and accounting for NO3 and SO, emissions from point sources
(Test 5). Then area sources were configured as suggested by Scire, including the use of 4 area
source groups to account for varying release heights for different source categories (as opposed to
onegroup in Tests 1-5). Finaly, Test 6 included use of the Beulah hourly ammonia profilein
POSTUTIL.

Results of Test 6, as shown in Tables A-1 and A-2, indicate significantly improved performance
with respect to TRSU NOs, but worse performance for Lostwood NOz. Results for SO4 were not
significantly affected. Thistendency for conflicting results for TRSU and Lostwood NO; was
also exhibited in Tests 1 through 5, and led the NDDoH to conclude that the Beulah data may not
be representative of ammonia background for both TRSU and Lostwood. Moreover, the actual
ammonia background affecting Lostwood may be significantly higher than the background
affecting TRSU.

In Test 7, the NDDoH found that observationa agreement for Lostwood NO3; can be vastly
improved if the ammonia hourly backgound values are approximately doubled (for Lostwood
only). All other conditions for Test 7, including the ammonia background for TRSU, remain the
sameasin Test 6. NO;s predictionsfor Test 7 in Tables A-1 and A-2 now show good agreement
with observations at both TRSU and Lostwood.
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Table A-1
Hybrid CMAQ-CALPUFF Performance Evaluation

Observed and Predicted Concentrations Year 2002 (irg°)

Obsened Hybrid CMAQ-CALPUFF Predicted* CMAQ
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 only
TRSU NO3
90th Percentile Day 1.21 1.50 1.46 1.55 1.43 1.47 1.21 1.21 1.62
Avg 20% Worst Days 1.42 1.59 1.59 1.65 1.56 1.59 1.41 1.41 1.84
Annual Average 0.50 0.71 0.71 0.73 0.70 0.71 0.53 0.53 0.57
TRSU SO4
90th Percentile Day 1.88 1.72 1.72 1.66 1.77 1.72 1.79 1.79 1.60
Avg 20% Worst Days 2.43 1.96 1.97 1.83 1.96 1.98 1.99 1.99 1.76
Annual Awverage 1.03 0.90 0.90 0.86 0.90 0.91 0.91 0.91 0.84
Lostwood NO3
90th Percentile Day 1.95 1.48 1.50 1.56 1.47 1.44 1.13 1.76 2.04
Avg 20% Worst Days 2.33 1.55 1.55 1.61 1.52 1.50 1.30 2.03 2.34
Annual Awverage 0.79 0.70 0.70 0.73 0.69 0.67 0.47 0.80 0.79
Lostwood SO4
90th Percentile Day 2.22 2.06 2.03 1.90 2.07 2.19 2.21 2.21 2.43
Avg 20% Worst Days 2.49 2.21 2.21 2.09 2.22 2.35 2.36 2.36 2.74
Annual Average 1.18 1.07 1.07 1.03 1.08 1.15 1.17 1.17 1.32

* Test 1 - Calpuff run with default BART screening protocol + full emissions inventory + boundary conditions
Test 2 - Calpuff as in Test 1 but using CEMS hrly emissions (SO2, NOX) where available

Test 3 - Calpuff as in Test 1 but using WRAP MM5 12km mesoscale data (in CALMET)
Test 4 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m rather than 2000 m

Test 5 - Calpuff as in Test 1 but with addition of NO3 and SO4 emissions from point sources

Test 6 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m (Test 4) and with
addition of NO3 and SO4 emissions from point sources (Test 5). Area sources configured
as 4 groups and Beulah hourly profile used for backgound NH3.

Test 7 - Calpuff as in Test 6 but Beulah hourly NH3 profile doubled for Lostwood
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Predicted to Observed Ratios 2002

Table A-2
Hybrid CMAQ-CALPUFF Performance Evaluation

Hybrid CMAQ-CALPUFF* CMAQ
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 only
TRSU NO3
90th Percentile Day 1.24 1.21 1.28 1.18 1.21 1.00 1.00 1.34
Awg 20% Worst Days 1.12 1.12 1.16 1.10 1.12 0.99 0.99 1.30
Annual Average 1.42 1.42 1.46 1.40 1.42 1.06 1.06 1.14
TRSU SO4
90th Percentile Day 0.91 0.91 0.88 0.94 0.91 0.95 0.95 0.85
Avg 20% Worst Days 0.81 0.81 0.75 0.81 0.81 0.82 0.82 0.72
Annual Average 0.87 0.87 0.83 0.87 0.88 0.88 0.88 0.82
Lostwood NO3
90th Percentile Day 0.76 0.77 0.80 0.75 0.74 0.58 0.90 1.05
Awvg 20% Worst Days 0.67 0.67 0.69 0.65 0.64 0.56 0.87 1.00
Annual Average 0.89 0.89 0.92 0.87 0.85 0.59 1.01 1.00
Lostwood SO4
90th Percentile Day 0.93 0.91 0.86 0.93 0.99 1.00 1.00 1.09
Awvg 20% Worst Days 0.89 0.89 0.84 0.89 0.94 0.95 0.95 1.10
Annual Average 0.91 0.91 0.87 0.92 0.97 0.99 0.99 1.12

* Test 1 - Calpuff run with default BART screening protocol + full emissions inventory + boundary conditions
Test 2 - Calpuff as in Test 1 but using CEMS hrly emissions (SO2, NOX) where available

Test 3 - Calpuff as in Test 1 but using WRAP MM5 12km mesoscale data (in CALMET)
Test 4 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m rather than 2000 m

Test 5 - Calpuff as in Test 1 but with addition of NO3 and SO4 emissions from point sources

Test 6 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m (Test 4) and with
addition of NO3 and SO4 emissions from point sources (Test 5). Area sources configured
as 4 groups and Beulah hourly profile used for backgound NHS3.

Test 7 - Calpuff as in Test 6 but Beulah hourly NH3 profile doubled for Lostwood
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